to the idea that such a mitochondrial model could be Background. This paper describes an in vitro mito-used to assess the toxicity of rinse solutions from chondrial test to assess the biocompatibility of haemodialysers (RSH ). haemodialysers.
Introduction
to verify that the RSH can penetrate the cell membrane to reach mitochondria. The aim of this investigation Given the fundamental role of mitochondria, any was thus to study the action of RSH on isolated liver alteration of their functional integrity will ultimately mitochondria and on cells in culture. We show that have a profound eÂect on cellular metabolism. Isolated aqueous rinses of haemodialysers fitted with diÂerent mitochondria have been thus used in our laboratory types of membranes can be classed into three groups to study adverse eÂects of some drugs [1] [2] [3] . This led according to their mitochondrial toxicity: cuprophane, cellulosic, and synthetic membranes. This classification impairment, RSH are cytotoxic to cells in culture. It discarded. The supernatant was then centrifuged at 15 000 g thus becomes possible to propose that isolated liver for 5 min. The brown mitochondrial pellet was gently homomitochondria can act as an in vitro test of the biocomgenized in 20 ml of washing buÂer (0.25 M saccharose, patibility of haemodialysers. Preliminary results of this 10 mM tris-HCl, pH 7.8, adjusted with KOH). The suspenstudy have already been published [10] .
sion was centrifuged twice at 15 000 g for 5 min. The pellet was then homogenized with 100 ml of respiration buÂer (0.25 M saccharose, 4 mM KH 2 PO 4 , 1 mM rotenone, pH 7.2,
Subjects and methods
adjusted with KOH) and stored in ice until use. Mitochondrial protein was determined using Biorad Assay (Bio-rad laboratories).
Reagents
Respiration rate measurements. Oxygen consumption was measured in a water-jacketed reaction chamber (1.8 ml ) at Sterile and non-pyrogenic water was purchased from 25°C by using a Clark microelectrode fitted to a Gilson Fresenius Laboratory; 3-(4,5-dimethylthiazol-2-yl )-2,5 dioxygraph. Mitochondria ( 1.5 mg of protein) were suspended phenyl tetrazolium bromide ( MTT ), Dulbecco's medium, in respiratory medium (Saccharose 0.25 M, KH 2 PO 4 4 mM, and all the other reagents were Sigma Chemical products. rotenone 1 mM, pH 7.2 ). The substrate was sodium succinate (6 mM final concentration). Oxidative phosphorylation was
Obtaining rinse solutions from haemodialysers initiated by the addition of ADP to a final concentration of 0.10 mM. We rinsed the ready-for-use haemodialysers twice by passing Oxygen consumption rate during state 3 ( V 3 ) expressed 2 litres of non-pyrogenic and sterile water through the blood as nmoles oxygen/min/mg of protein corresponds to the ATP compartment of the dialysers at 150 ml/min and at 20°C. synthesis ( Figure 1 ). Oxygen consumption during state 3 The first single-pass rinse was then rejected and the second allows calculation of the P/O ratio, which corresponds to single-pass was lyophilized. The residue was redissolved in the number of ADP molecules phosphorylated per oxygen non-pyrogenic and sterile water and relyophilized twice, thus atom consumed. P/O represents the yield of ATP synthesis. eliminating all the volatile substances such as ethylene oxide. Oxygen consumption rate corresponding to state 4 ( V 4 ) is The final residue was then dissolved in 3 ml of non-pyrogenic and sterile water for the mitochondrial study or in 3 ml of culture medium for the cellular study. This concentrated material (about 666 times) was called rinse solutions from haemodialysers (RSH ). As a control, we obtained solutions from blood lines under the same conditions. Three to six dialysers of each type were thus extracted. We studied capillary haemodialysers fitted with seven diÂerent membranes ( Table 1) : cuprophane (CU ), cellulose acetate (CA), Hemophan (HM ), polyacrylonitrile (PAN ), polymethylmethacrylate (PMMA), polysulphone ( PS), and polyamide ( PA).
Mitochondrial study
Preparation of mitochondria. Mitochondria were obtained from rat livers by using a modified version of the technique of Johnson and Lardy [3, 11] . Briefly, male Wistar rats ( 170-220 g) were cervically stunned and decapitated. Mitochondrial isolation procedure was carried out at 4°C. Liver tissue (6-10 g) was rapidly excised, blotted, washed, and minced in extraction buÂer ( 0.25 M saccharose, 10 mM was suspended in this buÂer and homogenized. The suspen- Increasing volumes of RSH were added in wells containing represents the mean±SEM of six to seven measurements. 2.104 HT29-D4 cells. The total volume was 200 ml. The cytotoxicity and cell penetration of RSH were assessed by the tetrazolium assay [ 13] as previously described (MTT test) [12 ] . Briefly, MTT was dissolved in phosphate-buÂer solution at 5 mg/ml and filtered to remove insoluble residue. At the end of cell incubation with RSH (24 h), the MTT solution (10 ml per 100 ml of medium) was added to all wells. Plates were then incubated at 37°C for 4 h. Dimethylsulphoxide ( 150 ml ) was added to all wells and mixed thoroughly to dissolve the dark blue crystals. Then the optical densities (OD) of the wells were measured on a Dynatech MR 7000 apparatus at a wavelength of 550 nm. Before cell treatment, we established a linear relationship between MTT assay and cell number. Three independent experiments were performed in quadruplicate. Controls are obtained in the same conditions without RSH. The deleterious eÂects of residue solution were expressed as the percentage of dead cells. Similar experiments were done with glycerol or rinses from blood lines.
Statistical analysis
Unpaired Student's t test and linear regression analyses were used. The null hypothesis was rejected at a value of P<0.05. Data are given as means ±SEM [14]. The rinses from blood lines had no eÂect on mitochondria or cells (not shown). Similarly, glycerol proved for V 3 in the case of the diÂerent membranes. Similar curves were obtained for P/O. The data were treated totally non-toxic (not shown). Tables 2 and 3 show the deleterious eÂect of CU by linear regression analysis. In the first approximation the best relationship between V, the volume of RSH membrane on V 3 , V 4 , RC, and P/O. The eÂect was dose dependent; Figure 2 illustrates this dependence tested, and E, the eÂect observed, was given by the equation:
where E=observed eÂect expressed as percent, V= volume of RSH (ml ), a=the slope value of the straight line and K=1/(V 50 )a. From the regression thus obtained, we calculated the V 50 , which corresponds to the volume of RSH that yields the half-maximal eÂect ( EC 50 ). The V 50 values allowed us to compare the diÂerent membranes. Table 4 shows the V 50 values calculated for V 3 and P/O for each membrane. These values were compared two by two and diÂered significantly one from the others (P<0.05) except for CA and HM.
In Table 5 , are shown as an example the OD values obtained in the presence of various doses of cellulose acetate during an MTT assay. Figure 3 shows the variation of proportion of killed cells as a function of RSH volumes. As the eÂects of synthetic membranes (PAN, PMMA, PS and PA) were we did not represent them. As above, the data were treated by linear regression analysis, and we calculated synthesis. The curves in Figure 2 and results in Cellulose membranes appear to be more toxic on mitochondria than do synthetic membranes. CU is the branes, PAN, PMMA, PS, and PA fall into the 'less active' group. Our in vitro results led to the same most potent as proved by its low V 50 values: 68±13 ml classification (Table 4 ) and, moreover, allow the and 440±57 ml for V 3 and P/O ratio respectively. The diÂerentiation of synthetic membranes. diÂerence between CA and HM is not statistically Evidently the question of the mechanism of action significant: about 200 ml and 540 ml for V 3 and P/O of RSH remains. Further studies will be necessary to respectively. Moreover our results permit us to diÂer-elucidate this point and particularly the biochemical entiate among the synthetic membranes and clearly, nature of the substances present in rinse fluids, especiunder our experimental conditions, PS and PA exhibally those derived from cellulose such as mono-and ited only mild mitochondrial toxicity: V 50 >1000 ml for polysaccarides [16 ] . Nevertheless our results show that all the parameters. mitochondria can serve as an in vitro test to assess the The MTT test is based on the measurement of the biocompatibility of haemodialysers. dark blue intensity produced when the MTT is incubated with living cells. This colour appears because of
